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direct current of periodically varying strength, in which case the peculiar advantages of the combined current are lost.
These peculiar advantages are briefly that a stronger direct current-can be used without causing an evolution of chlorine at the anode, that the proportion of silver in the anodes may be as much as 15 per cent, or even more, without the necessity arising of scraping the anodes, and that less «old accumulates in the anode mud. When an alternating cm-rent is passed through the bath in addition to the direct current, the electric tension of the bath, as indicated on a direct-current voltmeter, falls, and the greater the strength of the alternating current, the greater the reduction in the voltage between the terminals of the refining cell. This may be visualised as a reduction in the resistance of the bath due to depolarisation at the electrodes. Within the usual limits of frequency (that is, for frequencies below 50 periods per second) the value of the frequency has practically no effect on the results.
When the pulsating current is increased beyond a certain limit of density, a slight evolution of oxygen is produced at the anode, occasioning an unimportant loss of current (and so increasing the necessary addition of gold chloride to the bath), and giving the advantage that the falling off of "the chloride of silver from the anode is facilitated. When the current density is materially increased beyond this limit, the development of oxygen becomes greater and the loss of current becomes material. The detachment of gas from the anodes in amounts of more than single small bubbles is a sign that loss of current is occurring and that the direct current must be reduced or the alternating current increased.
As an example, if gold bullion containing 10 per cent, of silver is refined by means of the direct current only, an anodic current density of not more than 750 amperes per square metre must be used, and the silver chloride must be scraped off the anode every 45 minutes. If an alternating current is used the strength of which is about 1-1 times that of the direct current, a direct current of 1,250 amperes per square metre of anode can be used, without scraping the anodes (cf. practice at New York, p. 487). Gold containing 20 per cent, of silver can be refined by using an asymmetrical current, the strength of the alternating component of which is to that of the direct current component as 1-7 to 1 with a direct-current density of 1,200 amperes to the square metre (about 700 amperes are used in practice).
The amount of gold passing into the anode mud is diminished by the use of the pulsating current. According to Wohlwill, with the pulsating current, minute particles of gold form in the slime only at the beginning of treatment, when the anode has not yet been covered with silver chloride. At the end of the operation, when the anode finally breaks up, small pieces of gold are mechanically detached. Between these periods the accumulating slime consists almost entirely of chloride of silver. The result is that the pulsating current is an advantage even if the anodes contain very little silver. Bv the use of the pulsating current the amount of hydrochloric acid in the bath can be reduced from about 3 per cent. HC1 (or, say, 6 or 7 per cent. of acid of sp. gr. 119) to a quarter of that amount if the solution is heated to 05°, and the direct-current density is about 1,000 amperes to the square metre.' In practice in the United States, the solution is not heated, and about 10 per cent, of commercial hydrochloric acid is added to the bath, with a current density of about 700 amperes per square metre.
Practice in Germany .-—The Wohlwill process, as originally used in Germany before the introduction of the pulsating current, may be described

